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[ABSTRACT] 
[Summary] 

[Object] It is an object of the present invention to 
provide a projection exposure apparatus and an exposure 
method, each of which is low in fluctuation of an imaging 
position and of imaging performance near an optical axis of 
the projection optical system in comparison with those in 
normal use even if the projection optical system is used 
under liquid immersion condition. 

[Constitution] A projection exposure apparatus 
having a projection optical system (2) for transferring a 
pattern (la) drawn on an original plate (1) to a 
photosensitive surface (5a) of a substrate (5), wherein an 
attachment lens (4) is disposed insertably/extractably with 
respect to a space between the lens surface of the projection 
optical system (2) closest to the substrate (5) and the 
photosensitive surface (5a), wherein the space between the 
under surface of the attachment lens (4) and the 
photosensitive surface (5a) is configured to be immersed in 
liquid, and wherein the radius of curvature (RJ of the lens 
surface on the original plate (1) side of the attachment lens 
(4) is substantially equal to a distance (di) on an optical 
axis (Z) from the lens surface on the original plate (1) side 



to the photosensitive surface (5a) . 
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[Scope of Claims for Patent] 

[Claim 1] A projection exposure apparatus having a 
projection optical system for transferring a pattern drawn on 
an original plate to a photosensitive surface of a substrate, 
wherein : 

an attachment lens is disposed insertably/extractably 
with respect to a space between the lens surface of the 
projection optical system closest to the substrate and the 
photosensitive surface; 

a space between the under surface of the attachment 
lens and the photosensitive surface is configured to be 
immersed in liquid; and 

a radius of curvature of the lens surface on the 
original plate side of the attachment lens is substantially 
equal to a distance on an optical axis from the lens surface 
on the original plate side to the photosensitive surface. 

[Claim 2] The projection exposure apparatus according 
to claim 1, wherein the radius of curvature of the lens 
surface on the substrate side of the attachment lens is 
substantially equal to a distance on the optical axis from 
the lens surface on the substrate (5) side to the 
photosensitive surface . 

[Claim 3] A projection exposure apparatus having a 
projection optical system for transferring a pattern drawn on 
an original plate to a photosensitive surface of a substrate, 
wherein a radius of curvature of the lens surface on the 
substrate side of the projection optical system is 
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substantially equal to a distance on an optical axis from the 
lens surface on the substrate side to the photosensitive 
surface . 

[Claim 4] A method of performing exposure using the 
projection exposure apparatus according to one of claim 1 to 
claim 3, the method comprising: 

an illumination step of illuminating the original plate 
with a predetermined exposing light; and 

an exposure step of exposing the pattern image on the' 
original plate to the photosensitive surface of the substrate 
through the projection optical system. 
[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] 

The present invention relates to a projection exposure 
apparatus having a projection optical system for exposing and 
transferring a pattern drawn on an original plate onto a 
substrate, and exposure method. 

[0002] 

[Background Related Art] 

In recent years, there is a demand for miniaturization 
of patterns transferred to a wafer as a photosensitive 
substrate. In order to achieve this, the following two 
methods are conceivable: decreasing an exposure wavelength; 
and increasing the numerical aperture of a projection optical 
system. Among them, an immersion type projection exposure 
apparatus has conventionally been suggested as a method of 
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increasing the numerical aperture of the projection optical 
system. In the immersion type projection exposure apparatus, 
all or a wafer-side part of the space between a lens surface 
of the projection optical system closest to the wafer and the 
•wafer, in other words, a space of the working distance 
(hereinafter, referred to as a working space) is filled with 
oil or some other liquid. While the refractive index of air 
occupying the working space in normal use is 1.0, the 
reactive index of oil is about 1.6, for example. Therefore, 
it is possible to increase the numerical aperture on the 
wafer side of the projection optical system to achieve the 
miniaturization of an exposed pattern by replacing all or the 
wafer-side part of the working space with a liquid having a 
high refractive index as described above. 
[0003] 

[Problems to be Solved by the Invention] 
The above conventional immersion type projection 
exposure apparatus has been incapable of securing an equal 
imaging performance between normal use in which the working 
space is filled with air or some other gas and liquid 
immersion use in which the liquid occupies all or the wafer- 
side part of the working space in order to achieve pattern 
miniaturization. For example, a method of using the 
projection exposure apparatus under liquid immersion 
condition will be discussed in a situation where a parallel 
plate glass is placed on the boundary between the gas and the 
liquid. In this instance, the following three problems occur. 
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[0004] 

The first problem is that a displacement of imaging 
position of the projection optical system due to refraction 
of light on the incidence plane of the parallel plate glass 
in liquid immersion use. Therefore, it is necessary to move 
the projection optical system or the wafer so as to secure 
the focal length. Moreover, the imaging position may be 
incapable of being adjusted onto the wafer depending on the 
conditions in liquid immersion use. The second problem is 
that a spherical aberration occurs due to the parallel plate 
glass placed on the boundary between the gas and the liquid 
in liquid immersion use. This deteriorates the imaging 
performance in liquid immersion use. The third problem is 
that the environmental variation significantly changes the 
imaging performance or the imaging position in liquid 
immersion use. More specifically, the refractive index of 
the liquid remarkably changes according to the environmental 
variation such as a temperature change in comparison with the 
refractive index of the gas, which leads to unstable imaging 
performance or imaging position. Therefore, an object of the 
present invention is to provide a projection exposure 
apparatus and an exposure method, each of which is low in 
fluctuation of an imaging position and of imaging performance 
near an optical axis of the projection optical system in 
comparison with those in normal use even if the projection 
optical system is used under liquid immersion condition. 
[0005] 
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[Means to Solve the Problem] 

The present invention has been suggested to overcome 
the foregoing various problems. More specifically, with the 
reference numerals in FIG. 1 and FIG. 2 of the attached 
drawings added in parentheses, according to one aspect of the 
present invention, there is provided a projection exposure 
apparatus having a. projection optical system (2) for 
transferring a pattern (la) drawn on an original plate (1) to 
a photosensitive surface (5a) of a substrate (5), wherein an 
attachment lens (4) is disposed insertably/extractably with 
respect to a space between the lens surface of the projection 
optical system (2) closest to the substrate (5) and the 
photosensitive surface (5a), wherein a space between the 
under surface of the attachment lens (4) and the 
photosensitive surface (5a) is configured to be immersed in 
liquid, and wherein a radius of curvature (Ri) of the lens 
surface on the original plate (1) side of the attachment lens 
(4) is substantially equal to a distance (di) on an optical 
axis (Z) from the lens surface on the original plate (1) side 
to the photosensitive surface. (5a) . In this regard, with the 
reference numerals in FIG. 3 of the attached drawings added 
in parentheses, preferably a radius of curvature (R2) of the 
lens surface on the substrate (5) side of the attachment lens 
(4) is substantially equal to a distance (dz) on the optical 
axis (Z) from the lens surface on the substrate (5) side to 
the photosensitive surface (5a) . 

[0006] 
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Moreover, with the reference numerals in FIG. 1 and FIG. 
4 of the attached drawings added in parentheses, according to 
another aspect of the present invention, there is provided a 
projection exposure apparatus having a projection optical 
system (2) for transferring a pattern (la) drawn on an 
original plate (1) to a photosensitive surface (5a) of a 
substrate (5), wherein a radius of curvature (R2) of the lens 
surface on the substrate (5) side of the projection optical 
system (2) is substantially equal to a distance (da) on an 
optical axis (Z) from the lens surface on the substrate (5) 
side to the photosensitive surface (5a) . Moreover, with the 
reference numerals in FIG. 1 of the attached drawings added 
in parentheses, according to still another aspect of the 
present invention, there is provided a method of performing 
exposure using the projection exposure apparatus having the 
above configuration, the method comprising: an illumination 
step of illuminating the original plate (1) with a 
predetermined exposing light; and an exposure step of 
exposing the pattern image (la) on the original plate (1) to 
the photosensitive surface (5a) of the substrate (5) through 
the projection optical system (2) . 
[0007] 

[Embodiments] 

The preferred embodiments of the present invention will 
be described below with reference to drawings. Referring to 
FIG. 1 and FIG. 2, there is shown a first embodiment of a 
projection exposure apparatus according to the present 



invention. FIG. 1 shows the projection exposure apparatus in 
normal use according to the first embodiment of the present 
invention. In the first embodiment, an image on a pattern 
surface la of a reticle 1 is formed onto an image surface 5a 
(photosensitive surface) of a wafer 5 in an exposure method 
including an illumination step and an exposure step. More 
specifically, a luminous flux emitted from a light source 10 
such as a KrF excimer laser light source passes through an 
illumination optical system 11 and uniformly illuminates the 
pattern surface la of the reticle 1 as an original plate 
mounted on a reticle stage 12. The exposing light emitted 
from the pattern surface la of the reticle 1 forms the image 
of the pattern surface la to the image surface 5a of the 
wafer 5 mounted on an XY stage 8 through the projection 
optical system 2. Note that the term "normal use" means a 
state in which a working space is filled only with air. 
[0008] 

On an XY stage 8, an attachment lens 4 held by a lens 
holder 3 is mounted with a rotary shaft 7 put between the XY 
stage 8 and the attachment lens 4. The attachment lens 4 is 
rotatable around the rotary shaft 7. When being rotated 180° 
from the position shown in FIG. 1, the attachment lens 4 is 
disposed just under the projection optical system 2. In this 
condition, the optical axis of the attachment lens 4 is 
coincident with the optical axis of the projection optical 
system 2. Furthermore, a liquid shield 6 in the form of box 
is placed on the XY stage 8. In FIG. 1, only the cross 
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section of the liquid shield 6 is shown for simplification. 
A partial space on the wafer 5 side of the working space can 
be filled with liquid by supplying oil or some other liquid 
into the space enclosed by the liquid shield 6. When the 
projection exposure apparatus according to the first 
embodiment is used in a state of being immersed, the 
attachment lens 4 is disposed just under the projection 
optical system 2 and then the liquid is supplied inside the 
liquid shield 6. In this condition, air exists between the 
top surface of the attachment lens 4 (the surface on the 
reticle 1 side) and the under surface of the projection 
optical system 2 (the closest surface to the wafer 5) . On 
the other hand, the liquid exists between the under surface 
of the attachment lens 4 (the surface on the wafer 5 side) 
and the wafer 5. A dashed line M in FIG. 1 indicates a 
border line between the air and the liquid. 
[0009] 

Referring to FIG, 2, there is shown a diagram 
illustrating an enlarged part in the vicinity of the 
attachment lens 4 in the projection exposure apparatus in 
liquid immersion use according to the first embodiment of the 
present invention. As described above, air A exists in the 
space on the top surface side of the attachment lens 4 and 
liquid L exists in the space on the under surface side of the 
attachment lens 4 in liquid immersion use. In addition, the 
refractive index of the attachment lens 4 in the first 
embodiment is substantially equal to the refractive index of 
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the liquid L. The shape of the top surface of the attachment 
lens 4 is formed in such a way that all beams of light K that 
form an image at the center of the image surface 5a on the 
wafer 5 are incident perpendicularly. In other words, the 
center of curvature on the top surface of the attachment lens 
4 is coincident with the center of the image surface 5a in 
normal use in which the attachment lens 4 and the liquid L do 
not intervene. Moreover, the radius of curvature Ri on the 
top surface of the attachment lens 4 satisfied the following 
expression : 

Ri=di (1) 
di: Distance on the optical axis Z from the top surface of 
the attachment lens 4 to the image surface 5a of the wafer 
[0010] 

On the other hand, the shape of the under surface of 
the attachment lens 4 is formed in plane. As described above, 
the refractive index of the attachment lens 4 is equal to 
that of the liquid L, and therefore all the beams of light K 
that form an image near the center of the image surface 5a 
are not refracted almost at all also in the under surface of 
the attachment lens 4, similarly to the top surface. 
Accordingly, the convergence half-angle in liquid immersion 
use is equal to the convergence half-angle in normal use. In 
this condition, the numerical aperture NA on the wafer 5 side 
of the projection optical system 2 is obtained by: 
NA=nsin 9 

n: Refractive index of liquid relative to air 
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9: Convergence half -angle 

In addition/ resolution Ar is obtained by: 

Ar=kXo/NA 

Xq: Refractive index of exposing light in air 
k: Constant 
[0011] 

Therefore, it is possible to improve the numerical 
aperture to n times and the resolution near the center of the 
image surface 5a to 1/n in liquid immersion use in comparison 
with those in normal use. Furthermore, all the beams of 
light K that form an image at the center of the image surface 
5a are not refracted by the attachment lens 4 in the first 
embodiment, and therefore no spherical aberration occurs. 
Furthermore, if the chromatic dispersion of the attachment 
lens 4 is equal to that of the liquid L, no axial chromatic 
aberration occurs. This substantially keeps the imaging 
performance that will be achieved in normal use, even in 
liquid immersion use, in the image surface 5a near the 
optical axis Z. Furthermore, there is no change in imaging 
position of the projection optical system 5 between immersion 
use and normal use. 

[0012] 

Subsequently, a second embodiment of the projection 
exposure apparatus according to the present invention will be 
described with reference to FIG. 3. The second embodiment 
differs from the first embodiment only in the shape of 
attachment lens 4. Referring to FIG. 3, there is shown a 
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diagram illustrating an enlarged part near the attachment 
lens 4 in the projection exposure apparatus in liquid 
immersion use according to the second embodiment of the 
present invention. The shape of the top surface of the 
attachment lens 4 of the second embodiment is the same as the 
top surface of the attachment lens 4 of the first embodiment. 
In other words, the relation of expression (1) is satisfied 
in the top surface. 
[0013] 

On the other hand, while the under surface of the 
attachment lens 4 in the first embodiment is plane, the under 
surface of the attachment lens 4 in the second embodiment has 
curved shape. Similarly to the top surface of the attachment 
lens 4, the under surface thereof in the second embodiment is 
formed in such a way that all the beams of light K, which 
form an image at the center of the image surface 5a of the 
wafer 5, are incident perpendicularly. In other words, the 
center of curvature of the under surface of the attachment 
lens 4 is coincident with the center of the image surface 5a 
in normal use. The radius of curvature R2 of the under 
surface of the attachment lens 4 satisfies the following 
expression : 

R2=d2 (2) 
dzi Distance on the optical axis Z from the under surface of 
the attachment lens 4 to the image surface 5a of the wafer 
[0014] 

According to the second embodiment, the aberration and 
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the imaging position stay relatively unchanged even if the 
refractive index differs between the attachment lens 4 and 
the liquid L or if the refractive index of the liquid L 
changes according to the environmental variation such as a 
temperature change. More specifically, the beams of light K 
of all wavelengths forming an image at the center of the 
image surface 5a are not refracted independently of the 
refractive index and the chromatic dispersion of the liquid L 
also on the under surface of the attachment lens 4. 
Therefore, high resolution can be achieved in liquid 
immersion use also in the second embodiment, similarly to the 
first embodiment. Moreover, the imaging position in the 
projection optical system 2 does not change and no change 
occurs in the axial chromatic aberration and the spherical 
aberration in the image surface 5a in . comparison between 
normal use and immersion use. Therefore, the imaging 
performance is maintained on the image surface 5a near the 
optical axis Z. Moreover, no change occurs in the imaging 
position, the axial chromatic aberration, and the spherical 
aberration even if the refractive index of the liquid L 
changes due to a temperature change or the like. 
[0015] 

Subsequently, a third embodiment of the projection 
exposure apparatus according to present invention will be 
described with reference to FIG. 4. While a part of the 
space on the wafer 5 side of the working space has been 
immersed in the liquid in liquid immersion use in the first 



- 14 - 



and the second embodiments, all of the working space is 
immersed in the liquid in liquid immersion use in the third 
embodiment. More specifically, the surface of the projection 
optical system 2 closest to the wafer 5 is immersed in the 
liquid in liquid immersion use. Therefore, the projection 
exposure apparatus of the third embodiment is required to 
have the top surface of the liquid shield 6 in FIG. 1 higher 
than the under surface of the projection optical system 2. 
Furthermore, there is no need to use the lens holder 3, the 
attachment lens 4, and the rotary shaft 7 in FIG. 1 for use 
in liquid immersion use of the first and second embodiments. 
[0016] 

Referring to FIG. 4, there is shown an enlarged surface 
of the projection optical system 2 closest to the wafer 5 in 
the projection exposure apparatus in liquid immersion use. 
The shape of the surface of the projection optical system 2 
closest to the wafer 5 is the same as the shape of the under 
surface of the attachment lens 4 in the second embodiment. 
In other words, the relation of the expression (2) is 
satisfied regarding the under surface. On the other hand, 
while the projection optical system 2 shown in FIG. 4 is used 
also in normal use, no refraction occurs in all beams of 
light K, which form an image near the center of the image 
surface 5a, in the same manner as in liquid immersion use. 
Also in the third embodiment, high resolution is achieved in 
liquid immersion use similarly to the second embodiment. 
Moreover, the imaging position in the projection optical 
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system 2 does not change and no change occurs in axial 
chromatic aberration and spherical aberration in the image 
surface 5a in comparison between normal use and immersion use. 
Therefore, the imaging performance is maintained on the image 
surface 5a near the optical axis Z. Moreover, no change 
occurs in the imaging position, the axial chromatic 
aberration, and the spherical aberration even if the 
refractive index of the liquid L changes due to a temperature 
change or the like. 
[0017] 

[Effect of the Invention] 

As described hereinabove, according to the present 
invention, the projection exposure apparatus can be shared 
between normal use and immersion use. Moreover, it is 
possible to provide a projection exposure apparatus in which 
there is substantially no change in the imaging position and 
the imaging performance near the optical axis even in liquid 
immersion use. Furthermore, it is possible to provide a 
projection exposure apparatus and an exposure method, each of 
which is little affected by a change in the refractive index 
of the liquid. 

[Brief Description of the Drawings] 
[Fig. 1] 

It is a diagram showing a projection exposure apparatus 
according to a first embodiment of the present invention. 
[Fig. 2] 

It is a diagram showing a state of the projection 
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exposure apparatus in liquid immersion use according to the 
first embodiment of the present invention. 
[Fig. 3] 

It is a diagram showing a state of the projection 
exposure apparatus in liquid immersion use according to a 
second embodiment of the present invention. 

[Fig. 4] 

It is a diagram showing a state of the projection 
exposure apparatus in liquid immersion use according to a 
third embodiment of the present invention. 

[Explanation of the Reference Numerals] 
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i2HL/. «fl:iiS«6(^{C«[<*?:Ani. C©<i:». ffl 
IOU>X4©±ffi (b^'i'JUW©®) iv t9:^3t;^* 
2©Tffi (fifc'5X'''»5iB!J©ffi) <!:©iaiB. ^i«C 

•s. -eor, fflffiju>X4©TB (•?i'''>5(iij©ffi) 

[ 0 0 0 9 ] gi 2 B. :4i:^W©i^ 1 HtSfi^CC J: ^g^^g^ so 



^6S20 0 0-5 8 43 6 
4 

mv<o&s^n^SK.is^.^x . ffliaju>x4©jsfii4 

rB. ffl8!jU>X4©±iijBl©SfflB^Ai40, M 
8(jU>X4©Tfflffl!l03aBIBS[i*L<!:5:-3r),»5. * 
/c. *^l|yfi«l!l{C*jW-5ji9!)U>X4©®»r*B, 
«:L©S»r*iliU«H,>fli&-oTC>4. ffll&U>X 
4©±ffiJ&i*B> •5x>'N5±©«ffi5 a©(tJ'WCig»-r 

5-r'*T©*eK3!)isa«:Aiir4j:^!ijgt*;i4r>-c 
-r^cto^, Miftu>x4©±ffi©ft$*'i:»*s. If 

it(jU>X4&i:)(%ft:L9(|i<Cl.>)i^^B$©«(S5 a©4i 

'i:>i-aL/Ti>*. -ebr. «ttu>X4©±ffi©ffi$ 

R, = d» (1) 

d. : ffi«jU>X4±M*»6'5x>'N«ffi5aS-C©3fe«i 

Z±©^i«i 

[0010] -i;. 1iB!>U>X4®TffiJ^ttB. 
iXitt-src^i. B«jil//cJ:^«:. ||Siiu>X4<biffi«j 
L©S9T$(j:^0«.»;^A. (9^95 a©[t]'ilx#i&(c^{ft-r 

-5:^-C©*iKK B. ffl{»U>X4©T®gi5K:fcC^t:t>> 

tii. C©i*. iS:Ki(£^JS2©'i>x^>5tJ©raP»N 

AB> 

NA = n s i n 0 

n : ?fif*©2aK:*t-rS)lJf* 

0 : iR^^ft 

Ar = k A,/NA 
k 

[0 0 1 1 ] b/c*i^-C. iSaffifflKJB> iiS^l^i 

t^-CB, li»S5a©4i'C>(C|^-r'S>±-C©:)y§lKB. ^ 
ft&U>X4{CJ:^rBffljTC^£ir>fc«6. »ait5lS3!)S^4 
StC. *i{!6U>X4©fi»tS!<!:?ffit*:L©fe^«i 
iJiU^bC^JS^CCB. tt±ejRil«>fB^b*t,», C^lCC 
iD. ifefi6Zffia©<feffi5 aictel^r. f8tafiMa#-C* 

[0 0 1 2 ] lasccr. *^Bj(cj:5!S*Sife^ 

s©i^2iiji{^'&^r. ^^mzmnmu, ffii!bu>x4 

2 IliSFJic i s?S«SfiefflB#-c©tS:SJS^£$?gK:te I, ^ 
ffli»u>X4©ififiS*ifc*cUTS^i/fcig-c*5. * 

IQS«^©1i«>l'>X4©±SS8©J&KilSEOt,». •r?cto 
[0013] -is. Bilie^ lllJfi«©ttfi6U>X4©T 



(4) 



R. = d, (2) 
d, :ffllt(|U>X4TiB5!>>6'>i'^»ffl5a4-C03l£l|ll 

[OO14]*^2^te0!lK:J:ntf, fflli)U>X4i« 

K:i^»^5^-C©)gS©itellK». fflS)U>X4©TBf 
{C4sl»-Cfc. ?S<*L©ia«f$-?'fe^li{K^Mi56-r'B*Tb 

•C<DflhaJRM^»ffii|XM©^{t«>«c<s jtttZf^ia© 

«sffi5a-c©tifi»tteM*i«}#sn€>. SK. aa^^bs* 

[0 0 1 5 ] >X{c. 134 tcr. *j«B^K: J: SjaiJS*^ 

a©»3*i6«*s^-r. itriBisi. m2mmmvim^ 

»2©a«>'?i-'^5l|lJ©ffi*i. Sn 2. CiK^C 

©jgftjiS«6 ©±S3!i*. aiJitf:3ft2©TffiJ:'3Ji5< 

iHliifilTtt. ;FS<t<cS. 

[0 0 1 6 ] 04«> ?RS(^B^K:te(,>r. fiSJa^t^ 

g©tSSJ3t;^* 2 ©S "5 x-'^ 5 ffi'J©ffi?rS£:^ 1/ "Ct^ 
fc@-C*2.. ^R*^3R2©«t>'5x-'\5ffl!j©ffl©}^t* 
iiS»2jlli«^©»l!6L'>^4©TffiSP©J^t^«!:l? 
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20 
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6 

asfiiffi^«<^*i<'»^*>' ia4«:^n-rsR3fe 

fflV a ©4i'CvWia(ClS»1" 5^-C©*^K ©ll»f «4 C 

/ii^ $iS3iitet^«:*jt>-cfc. mzfS2mMitmi& 

JF.2 K J: SiB»&BAi^<bif -r. «B 5 a ^©filifeiR 
^«51iJRM©IE{b<>tt<. 5fe«lZffjS©«ffi5 a-C© 

L©ffliff$**iE<fci^'c<>. tefiittB. fiii±&iRa-?>a$ffi 

iRM©^{b«^ct^. 
[00 17] 

[^^©jafti mi© <fc ^ K*i6M-c«. !siiJK3i^a 

AJ-C*5. MK. ?S(*©®«T*©IEik©«5S©'>Scl>& 

[03] *BM©ir 2 lasi^K: J: 5S^?fe^©?sa 

[04] ©^ 3 J; 5t9:KS7t^©?K« 
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